Background--Although recommended in the guidelines, the safety of chronic P2Y 12 inhibitor therapy in patients with chronic kidney disease (CKD) after an acute myocardial infarction (MI) is not well studied.
C hronic kidney disease (CKD) is prevalent among patients with cardiovascular disease; between 33% and 50% of patients presenting with an acute myocardial infarction (AMI) have CKD. 1 Patients with CKD often have impaired hemostasis as well as other comorbid factors that place them at higher risk of bleeding. 2, 3 The American College of Cardiology/American Heart Association (ACC/AHA) guidelines provide a class 1 recommendation for all patients to receive 12 months of P2Y 12 inhibitor therapy after a myocardial infarction (MI) and a class 2a recommendation in favor of higher potency P2Y 12 inhibitor therapy, such as prasugrel or ticagrelor, for MI patients treated with percutaneous coronary intervention (PCI). 4, 5 However, because patients with CKD were often excluded from large clinical trials in MI patients, little is known about the bleeding risk associated with prolonged P2Y 12 inhibitor therapy or the use of higher potency P2Y 12 inhibitor therapy in post-MI patients with CKD. 2, 3, 6 In addition, bleeding often leads to premature discontinuation of P2Y 12 inhibitor therapy 7 and increased risk for subsequent cardiovascular events. 8, 9 However, rates of persistence of P2Y 12 inhibitors are not well described as a function of CKD class in current practice.
In this study of TRANSLATE-ACS (Treatment with ADP Inhibitors: Longitudinal Assessment of Treatment Patterns and Events After Acute Coronary Syndrome), 10 a longitudinal observational registry of MI patients treated with PCI, we examined the risk of post-MI bleeding among patients with CKD and rates of premature P2Y 12 inhibitor discontinuation and interruptions in treatment due to bleeding. We hypothesized that patients with more advanced CKD, compared with less advanced disease, will have (1) higher risk of bleeding and (2) higher rates of premature P2Y 12 inhibitor discontinuation and bleeding-related interruptions in P2Y 12 inhibitor therapy and that (3) bleeding and P2Y 12 inhibitor discontinuation rates will be highest among those patients with more advanced CKD discharged on higher potency P2Y 12 inhibitors.
Methods

Study Population
The TRANSLATE-ACS study design has been described previously. 11 Between April 2010 and October 2012, 12 365 patients with or without ST-segment-elevation MI who were treated with PCI at 233 hospitals in the United States were enrolled in the TRANSLATE-ACS study. All treatment decisions were left to the practicing physicians because TRANSLATE-ACS was an observational study. The TRANSLATE-ACS study received approval from the Duke University institutional review board and the institutional review boards of all participating sites. All participants provided written informed consent. The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. Of the total 12 365 enrolled patients, we excluded 14 who died in hospital, 1190 nondialysis patients who were missing creatinine clearance (CrCl) data, and 53 patients who were not discharged on a P2Y 12 inhibitor. Our final study population included 11 108 AMI patients discharged from 230 hospitals.
Data Collection and Definitions
Baseline clinical characteristics, demographics, past medical history, and discharge medications were abstracted from medical records or patient interviews into the TRANSLATE-ACS data collection form using standardized data elements and definitions. 11 In telephone interviews at 6 weeks, 6 months, and 12 months after MI discharge, patients were asked to describe their use of a P2Y 12 inhibitor, including any permanent or temporary discontinuation of treatment. Medical bills and records were collected to permit independent adjudication by study physicians of any hospitalized bleeding events and to classify bleeding severity according to the GUSTO (Global Use of Strategies to Open Occluded Arteries) definition.
12
Patients were grouped by CrCl calculated with the serum creatinine level on admission using the Cockcroft-Gault The primary outcomes of this analysis were the incidence of 1-year postdischarge GUSTO moderate/severe bleeding events by CKD group, premature P2Y 12 inhibitor-discontinuation rate by CKD group, and P2Y 12 inhibitor interruption due to bleeding or severe bruising by CKD group. GUSTO moderate/severe bleeding was defined as intracranial hemorrhage, bleeding that caused hemodynamic compromise requiring intervention, or bleeding that required blood transfusion. P2Y 12 inhibitor discontinuation was defined as cessation of any P2Y 12 inhibitor for >7 days. P2Y 12 inhibitor interruption was defined as a temporary cessation <7 days in duration for any reason. Ticagrelor and prasugrel were considered high-potency P2Y 12 inhibitors.
Statistical Analysis
Baseline patient characteristics, in-hospital treatments, and in-hospital events were compared across increasing severity of CKD. For Table 1 , differences among CKD groups were assessed using the Cochran-Mantel-Haenszel statistical method based on rank score. For Tables 2 and 3 What Are the Clinical Implications?
• Further studies are needed to better predict which patients with chronic kidney disease are most likely to experience bleeding events and to consider initiating clopidogrel in those patients to avoid premature P2Y 12 inhibitor discontinuation and temporary interruptions.
cumulative incidence rates of bleeding were calculated. To assess the adjusted association of CKD groups on bleeding, we fit a Cox proportional hazards model with robust standard errors to account for within-hospital clustering. We adjusted for the following a priori specified covariates: age, sex, race, uninsured status, prior MI, PCI, coronary artery bypass grafting, stroke or transient ischemic attack, heart failure, diabetes mellitus, hypertension, peripheral arterial disease, smoking, gastrointestinal/genitourinary bleeding, ST-segmentelevation MI, body mass index, femoral access site, preprocedure hemoglobin, in-hospital major bleeding, in-hospital heart failure or cardiogenic shock, ejection fraction <40%, multivessel PCI, baseline EuroQol 5-dimensional questionnaire (EQ-5D) index, and higher potency P2Y 12 inhibitor at discharge. We tested for an interaction among CKD groups and discharge on higher potency (ie, prasugrel or ticagrelor) P2Y 12 inhibitors versus clopidogrel at discharge. We then examined discharge P2Y 12 inhibitor and rates of P2Y 12 inhibitor use at the 12-month interview by CKD groups among patients who were still alive at 12 months. We also examined rates of P2Y 12 inhibitor switches from higher to lower potency P2Y 12 inhibitors, such as clopidogrel; premature discontinuations; and interruptions. P2Y 12 inhibitor use at the 12-month interview and P2Y 12 inhibitor switches, 
Data are shown as n (%) or median (interquartile range). BMI indicates body mass index; CABG, coronary artery bypass grafting; CKD, chronic kidney disease; DES, drug-eluting stent; HF, heart failure; LOS, length of stay; MI, myocardial infarction; NSTEMI, non-ST-segment-elevation myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; RBC, red blood cells; STEMI, ST-segment-elevation myocardial infarction.
discontinuations, and interruptions reported during the other interviews will be presented as frequencies (percentages Table 1 demonstrates the baseline demographic and clinical characteristics stratified by CKD group. Patients with stage ≥4 CKD or on dialysis were older and more likely to be female and of nonwhite race than patients with less advanced CKD (P<0.01). Patients with stage ≥4 CKD had significantly higher prevalence of diabetes mellitus and prior cardiovascular disease, including prior MI and prior heart failure (P<0.01). Patients with more advanced CKD were more likely to present with non-STEMI than patients with less advanced CKD (P<0.01). Drug-eluting stents were frequently implanted and, used in more than two thirds of patients across CKD severity groups. Patients with advanced CKD were more likely to have lower preprocedure hemoglobin levels (P<0.01).
Bleeding
During the index hospitalization, patients with stage ≥4 CKD or on dialysis were significantly more likely than those at lower stages to experience major bleeding (6.0%, 4.0%, 2.8%, and 2.7% for CKD stages ≥4, 3, 2, and 1 or no CKD, respectively; P<0.01) and require red blood cell transfusion (13.2%, 2.8%, 1.2%, and 0.7% for CKD stages ≥4, 3, 2, and 1 or no CKD, respectively; P<0.01).
By 1 year after discharge, 284 (2.6%) patients had GUSTO moderate/severe bleeding; the cumulative incidence of bleeding was 1.0%, 2.1%, 4.1%, and 10.0% for patients with CKD stages 1, 2, 3, and ≥4, respectively ( Figure) . Patients with higher CKD stage remained at significantly higher risk of bleeding after multivariable adjustment: compared with patients with normal kidney function, adjusted hazard ratios were 2.44 (95% CI, 1.40-4.23) for CKD stage ≥4, 1.92 (95% CI, 1.21-3.02) for CKD stage 3, and 1.61 (95% CI, 1.05-2.45) for CKD stage 2. 
P2Y 12 Inhibitor Discontinuation and Interruption
Rates of aspirin use were similar across CKD groups, although patients with stage 3 and ≥4 CKD were less likely to be prescribed high-dose aspirin (Table 2) . Patients with more severe CKD were more likely to be prescribed clopidogrel than a higher potency P2Y 12 inhibitor at discharge (Table 2) . Among patients prescribed a higher potency P2Y 12 inhibitor at discharge, patients with stage 3 and ≥4 CKD were more likely to switch to clopidogrel within 1 year after discharge compared with patients with stage 1 or no CKD ( Table 2 ). The median number of days to switching was substantially fewer among patients with CKD stage ≥4 (median: 12 days after discharge; interquartile range: 1-64 days) compared with other patients. Table 3 shows the rate of premature discontinuation of P2Y 12 inhibitor therapy within the first year after MI overall and then stratified by stent type and P2Y 12 inhibitor type. By 1 year, 15.5% of patients had prematurely discontinued P2Y 12 inhibitor therapy. Patients with CKD stage ≥4 had the highest rate of premature P2Y 12 inhibitor discontinuation (16.8%). Although not statistically significant, patients with stage 3 or ≥4 CKD who were treated with drug-eluting stents trended toward higher rates of premature P2Y 12 inhibitor discontinuation compared with drug-eluting-stented patients with CKD stage 1 or no CKD. Overall, patients with CKD (stage ≥2) discharged on a higher potency P2Y 12 inhibitor had higher rates of premature discontinuation than those discharged on clopidogrel (P<0.01). Among patients discharged on a higher potency P2Y 12 inhibitor, almost 1 in 4 patients with stage 4 CKD had discontinued P2Y 12 inhibitor therapy within the first year.
The median time to P2Y 12 inhibitor discontinuation was 161, 167, 173, and 133 days for patients with CKD stages 1 (or no CKD), 2, 3, and ≥4, respectively (Table 3) . Among patients treated with drug-eluting stents, those with stage ≥4 CKD had the shortest time to P2Y 12 inhibitor discontinuation (median: 174 days; interquartile range: 108-309 days).
Temporary interruptions in P2Y 12 inhibitor use (<7-day gap) due to bleeding or severe bruising were uncommon but reported more frequently by patients with advanced CKD (Table 3 ). This pattern persisted regardless of discharge on clopidogrel or a higher potency P2Y 12 inhibitor. The rate of interruptions was significantly higher among stage ≥4 CKD or dialysis patients treated with drug-eluting stents compared with those with stage 1 CKD or patients with normal CrCl (4.9% versus 1.8%, P<0.01). 
Discussion
In this nationwide study of MI patients treated with PCI, we observed a high prevalence of CKD. While nearly all MI patients received dual-antiplatelet therapy and more than a third received higher potency P2Y 12 inhibitors, the use of higher potency P2Y 12 inhibitors declined with worsening renal function. Patients with CKD discharged on a higher potency P2Y 12 inhibitor had higher rates of major bleeding and were more likely to be prematurely discontinued than those discharged on clopidogrel. Patients with more advanced CKD were also more likely to report temporary interruptions in P2Y 12 inhibitor use due to bleeding or severe bruising than patients with less severe or no CKD. Patients with advanced CKD or on dialysis with concomitant cardiovascular disease are a particularly vulnerable population with limited existing data supporting P2Y 12 inhibitor selection after an AMI. Pharmacodynamic studies have demonstrated increased platelet inhibition when using higher potency P2Y 12 inhibitors compared with clopidogrel in patients with CKD. 13, 14 Subgroup analyses of the large randomized control trials of ticagrelor and prasugrel compared with clopidogrel in CKD patients found no reduction in recurrent MI or mortality with the use of prasugrel but did show a reduction in composite cardiovascular outcomes with the use of ticagrelor. 6, 15 Post-MI patients with concomitant CKD compose a challenging population to manage because they are at higher risk for both ischemic and bleeding complications. 2, 17, 18 Derangements in platelet function and the coagulation cascade can lead to both bleeding tendencies and a prothrombotic state for patients with severe renal dysfunction. 19 In this study, we show that patients with advanced CKD had significantly higher risk of bleeding during the index hospitalization as well as within 1 year after discharge compared with patients with stage 1 or no CKD, despite being less often discharged on high-dose aspirin or higher potency P2Y 12 inhibitors. Because bleeding early after an MI is associated with premature discontinuation of P2Y 12 inhibitors, 7 this analysis then examined the rates of switching, premature discontinuation, and interruptions in P2Y 12 inhibitor therapy. Guidelines recommend at least 1 year of P2Y 12 inhibitor treatment after MI for patients treated with PCI. 4, 5 In our PCI-treated MI population, the majority of patients persisted with P2Y 12 inhibitor therapy through the first year. The rate of premature P2Y 12 inhibitor discontinuation was not statistically significantly different among CKD severity groups. Patients with stage ≥4 CKD or on dialysis had the highest rate of P2Y 12 inhibitor discontinuation and shorter time to discontinuation. Overall, in patients with CKD stage ≥2, we observed higher discontinuation rates among patients discharged on higher potency P2Y 12 inhibitors compared with those discharged on clopidogrel. Patients with advanced CKD more frequently reported temporary interruptions in P2Y 12 inhibitor therapy due to bleeding. We also observed that patients with advanced CKD are more likely to switch earlier from a higher potency P2Y 12 inhibitor to clopidogrel. Presumably, in the setting of higher bleeding risk, patients and clinicians used temporary interruptions and drug-switching strategies to attempt to stay on P2Y 12 inhibitor therapy for the guideline-recommended course. Further studies are needed to better predict which patients with CKD are most likely to experience bleeding events and to consider initiating clopidogrel in those patients to avoid premature P2Y 12 inhibitor discontinuation and temporary interruptions.
Limitations
This study has several limitations. TRANSLATE-ACS gathered CrCl data at the time of index MI, but it does not capture whether the patient's renal function worsened or improved over the follow-up period. In addition, P2Y 12 inhibitor switching, discontinuation, and interruption after discharge were self-reported by patients and could not be verified. The use of higher potency P2Y 12 inhibitors may have increased since 2010-2012 because ticagrelor was relatively new to the US market at the time of the study.
Conclusions
In this post-MI population with CKD, higher potency P2Y 12 inhibitors were prescribed in more than a third of patients with CKD. Although patients with advanced CKD were less likely to be prescribed higher potency P2Y 12 inhibitors or highdose aspirin at discharge, they had the greatest risk of moderate or severe bleeding after discharge. Patients with CKD discharged on a higher potency P2Y 12 inhibitor had higher rates of premature discontinuation than those discharged on clopidogrel. Patients with more advanced CKD were not significantly more likely to prematurely discontinue P2Y 12 inhibitor therapy but were more likely to report temporary interruptions in P2Y 12 inhibitor use due to bleeding or severe bruising and to switch to clopidogrel than patients with less severe or no CKD. 
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